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INTRODUCTION 


BACKGROUND 

1.  The  S-67  Blackhawk  Is  a  prototype  attack  helicopter  designed 
and  built  by  Sikorsky  Aircraft  Division  (SAD)  of  United  Aircraft 
Corporation  under  an  in-house  funded  program  independent  of 

any  military  requirement.  'Hie  design  phase  was  initiated  on 
20  November  1969  and  construction  began  15  February  1970.  The 
first  flight  of  the  S-67  was  on  20  August  1970.  The  US  Army 
Aviation  Systems  Test  Activity  (USAASTA)  was  tasked  by  US  Army 
Aviation  Systems  Command  (AVSCOM)  test  request  (ref  1,  app  A) 
to  conduct  an  evaluation  of  the  S-67  helicopter  to  support 
the  Attack  Helicopter  Requirements  Evaluation  (AHRE)  being 
performed  for  t tie  US  Army  Combat  Developments  Command.  Low-altitude 
test  results  were  published  in  USAASTA  Project  Report  No.  72-09, 

July  1972  (ref  2).  Further  testing  at  high  altitude  was  subsequently 
requested  by  AVSCOM  Test  Directive  No.  72-26,  5  July  1972  (ref  3). 

TEST  OBJECTIVES 

2.  The  objectives  of  this  test  were  to  evaluate  the  hover 
performance,  level  flight  performance  with  the  landing  gear 
extended,  and  sideward  flight  characteristics  of  the  S-67  helicopter 
at  high  altitude. 

DESCRIPTION 

3.  The  S-67  is  a  tandem-seat,  twin-turbine,  armed  helicopter. 

It  incorporates  five-bladed  main  and  tail  rotors  and  is  powered 
by  two  T58-GE-5  turbine  engines.  A  wing  provides  additional 
lift  and  attachment  points  for  external  stores.  The  wing  panels 
have  speed  brakes  to  control  dive  airspeed  and  increase  deceleration 
capability.  The  main  rotor  blades  feature  swept  tips  designed 

to  enhance  high-speed  capability.  A  stability  augmentation 
system  (SAS)  and  a  feel  augmentation  system  (FAS)  are  incorporated 
to  improve  handling  qualities.  A  detailed  description  and  photographs 
of  the  S-67  are  contained  in  reference  2,  appendix  A. 
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METHOD  OF  TEST 


5.  Established  flight  test  techniques  and  data  reduction  procedures 
were  used  (refs  7  and  8,  app  A) .  The  test  methods  are  briefly 
described  in  the  Results  and  Discussion  section  of  this  report. 

A  Handling  Qualities  Rating  Scale  (HORS)  was  used  to  augment 
pilot  comments  relative  to  handling  qualities  (app  B) .  Data 
reduction  techniques  utilized  are  described  in  reference  2, 
appendix  A. 

6.  The  flight  test  data  were  obtained  from  test  instrumentation 
displayed  on  the  pilot  and  copilot/gunner  panels  and  recorded 

on  magnetic  tape.  A  detailed  listing  of  the  test  instrumentation 
is  contained  in  reference  2,  appendix  A. 


CHRONOLOGY 

7.  Chronology  of  the  S-67  attack  helicopter  evaluation  is 
as  follows: 


Test 

directive  received 

5 

July 

1972 

Tes  t 

started 

8 

July 

1972 

Test 

completed 

13 

July 

1972 
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RESULTS  AND  DISCUSSION 


y^NKRA1 2. 

8.  A  limited  evaluation  of  tin-  performance  am!  haiuiliiv  qualities 
ol  the  S  -  -  (i  7  'no  1  i  cop  t  e  r  was  po  r  f  ormed  at  high  altitude  in  the 
clean  configuration.  I.xce-pt  as  specifically  no  tod  in  this  report, 
tiii-  po r lorr.anro  and  iiandlinr  qualities  taro  essentially  unchanged 
f  rot:  thoso  report  ed  duriir.  previous  low-a  i  t  i !  udo  testing.  The 
s  tniulard-day  in-ground-ef feel  and  ouL-oi -,-round-el  l  oci  hover 
ee  i  lines  at  the  est  it. at  od  lit’,-.'  miss  inn  -.-ross  weigh I  of  18,700  pounds 
me  8800  and  5  3  00  foot,  rospoe  L  i  vo  i  v  ,  lho  max  i  ;•  u:::  sea- level, 
standard-da'.'  it  -of  •round-effect  hover  ;;ros.«  weight  is  21,140  pounds. 

1  lie  S-t>7  in- 1  i  i  opt  or  cannot  hover  out  of  ground  of  loot  at  Ol0!' 

at  anv  altitude  at  t  he  ToW  -.i  is:-,  ion  r.ross  Weight.  At.  r.oa  level 
on  a  da",  tin-  t  i :  a  i:  a  out  -ol -ground -i  t  id  t  hover  cross 

wei.gnt  is  18,4'iO  pi  antis.  Loss  ol  direct  ion. a  I  control  due  to 

fe.u  it  i  a the  left  directional  tontroi  travel  iiiv.it  in  right  sideward 
t  i  i  riit  above  13  Itnol  ■  true  airspeed  is  a  deficiency.  No  additional 
shortcomings  were  identified  which  had  not  been  previously  reported 
in  reference  2,  appendix  A. 

iii.Rr<)K>i.\::t:r: 

Ih'Vjt-r  I’e  r  I  ort:.ance 

0.  how-altitude  hover  performance  tests  are  described  in  paragraphs  11 
and  12  of  reference  2,  appendix  A.  High-altitude  in-ground-effec.L 
(IGK)  hover  testing  was  accomplished  using  a  tether  line  anchored 
to  a  concrete  deadtnan  to  provide  a  10-fool  main  landing  gear 
ucighl.  A  calibrated  load  cell  was  installed  between  the  bottom 
of  the  cat) Li.’  and  the  dcadman  to  measure  cable  tension.  A  two-axis 
accelerometer  was  installed  in  the  load  cell  to  provide  a  cockpit 
presentation  of  cable  angle  infot mat  ion.  The  data  were  recorded 
at  stabilized  load  cell  readings  with  eng,  ne  torque  values  up 
to  the  maximum  available,  as  governed  by  ttirbii  -  inlet  temperature 
limits.  In-ground-ef feet  hover  tests  were  conducted  at  an  average- 
gross  weight  of  18,2r>0  pounds  within  a  rotor  speed  range  of  200  to 

2  IT  rpm.  -Tut -of --ground-off  cc  l  (0011)  hover  testing  was  accomplished 
using  the  frce-llighL  hover  technique  due  to  the  lack  of  sufficient 
engine  power  Lo  permit  lifting  of  the  tethered  hover  cable. 
OuL-of-ground-cff eel  hover  Lest ing  could  only  be  accompl ished 
during  early  morning,  low-temperature  conditions.  Constant  altitude 
(100-foot  main  landing  gear  height)  was  maintained  by  reference 

to  the  radar  altimeter,  and  a  steadv  position  over  a  spot  on 


4 


the  ground  was  maintained  by  visual  reference  cues.  The  OGL  hover 
tests  were  conducted  at  an  average  gross  weight  of  16,630  pounds 
within  a  rotor  speed  range  of  199  to  213  rpm.  Results  of  the 
high-altitude  hover  tests  are  presented  in  figures  1  through  7, 
appendix  C,  and  summarized  in  table  2. 


Table  2.  Hover  Performance. 


Temperature 

Hover 
Height 1 

Weight 

(lb) 

Ceili  r.g 
(ft) 

Standard  day 

iGi: 

18,700 

8,800 

23,700 

Sea  level 

oci: 

18,700 

5,460 

21,340 

Sea  level 

Hot  day  (95°F) 

IGF 

18,700 

2,300 

20,520 

Sea  level 

ogi: 

18,700 

Not  possible 

18,450 

Sea  level 

‘In  ground  effect  (10-foot  main  landing  gear  height). 

Out  of  ground  effect  (100-foot  main  landing  gear  height). 


10.  Tail  rotor  performance  characteristics  are  shown  in  figures  4 
through  7,  appendix  C.  Figures  6  and  7  compare  the  nondimensional 
tail  rotor  performance  at  near  sea-level  conditions  and  at  high 
altitude.  Although  it  appears  that  the  gradients  of  tail  rotor 
thrust  coefficient  versus  tail  rotor  power  coefficient  increase  at 
high  altitude,  indicating  that  the  tail  rotor  is  less  efficient  at 
high  altitude,  there  are  insufficient  data  available  to  conclusively 
substantiate  this  trend. 

Level  Flight  Performance 

11.  Previous  level  flight  testing  at  low  altitude  is  described 

in  paragraphs  13  and  14  of  reference  2,  appendix  A.  Level  flight 
performance  tests  at  high  altitude  were  conducted  to  determine 
power  required  and  fuel  flow  as  functions  of  airspeed.  In  addition, 
specific  range,  long-range  cruise  speed  (V  ),  endurance 
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speed  (speed  at  minimum  p^wer  required  for  level  flight),  and 
maximum  level  flight  airspeed  at  takeoff  power  (Vmax)  were  determined. 
Data  were  obtained  in  stabilized  level  flight  at  incremental 
airspeeds  from  63  knots  true  airspeed  (KTAS)  to  Vlnax.  The  drag 
effects  of  tiie  landing  gear  were  determined  by  repeating  this 
test,  with  tiie  landing  gear  extended,  over  the  airspeed  range 
from  80  to  124  KTAS.  A  constant  gross-weigiit-to-densi ty  ratio 
(V’/i )  of  23,630  pounds  was  maintained  by  increasing  altitude 
as  fuel  was  consumed.  Tests  were  conducted  at  the  conditions 
listed  in  table  1  .  The  results  of  tlie.se  tests  are  presented 
nondimensionally  in  figure  8,  appendix  C,  and  dimensionally  in 
figures  9  and  10. 

12.  The  increase  in  equivalent  flat  plate  area  for  the  gear-extended 
configuration  is  presented  in  figure  A.  The  highest  equivalent 
flat  plate  area  increase  of  9.5  square  feet  occurred  aL  124  KTAS. 
Figure  B  presents  a  comparison  of  the  level  flight  power  required 
for  the  clean  and  gear-down  configurations  at  standard-day  conditions, 
a  7500--foot  altitude,  211-rpm  rotor  speed,  and  a  18,700-pound 
gross  weight.  Retraction  of  the  landing  gear  at  124  KTAS  (maximum 
gear-down  speed)  yielded  an  increase  in  airspeed  of  13  KTAS. 

A  comparison  of  level  fl ight  performance  at  sea  level  and  at 
7500  feci  is  presented  in  table  3. 


F/G(JU£  A 

CUFA'GF  //V  FGU7/FF/F/VF  F  FZF  7£/l  UFA 


T/?t/£  F//?SP£FZ)  ^  UFA  5 
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CONCLUSIONS 


( .i  .  i  K.\ I 

u»,  i  iii.'  1  «>  1  levin.  cone !  1 1 ■'  ions  were  reached  upon  romp  1  e  L  i on  of 
1 1  s  t  in.-: 

.1.  ..'if  :it- 1  i  copt  fi  cannot  howr  DC!  at  ‘j#  ‘i  ° !'  at  the  ts!  i  i:,a  l  od 

it1’.'.'  i ss  i  op.  .TO:.-,  vci  -lit  (para  ')). 

a.  Kot  rat  t  i  "ii  oi  tii"  land  in..'  .'tar  at  124  K’lAS  (itvi  i  "uin:  r-dovn 

sped)  it  •  1 1 1 1  "■  ti  in  an  i  iiri't'.ist'  in  ainpi't-.i  of  15  li'iAS  (para  12). 

f  .  ‘‘IK'  handlin'.'  fjualit"  vie  t  i  <  i  t-ncy  was  observed  durin.’,  those 

iii  :i-a  1 1  i  tml"  (tats.  :  •  t  lor  t  . .  i  .  del  i  r  i  enc.  ,  Lh"  hand  1  i  up. 

anilities  at  iii  "h  altitati"  were  e.-urn  t  i  a  1  1 '■  t!i"  sari  as  observed 
at  I"’.',  allitutl".  .\'t>  siiort  t'or- i  n.'.s  v.i  it  nottal  which  had  not  noon 
iv po nod  darin.'  previous  test  in.1  at  lo"  altitude. 

DliFirJj'da'V  .'d'l'IiC'l  I M1SS1'\A  ACt'ni'll.  I  SIT'liK  i 

17.  (.'oi  itt  t  i  on  o]  th"  !  o  1  I  ov;  i  np.  tit- 1  i  c  i  "iii  "  is  mandat  orv  i  loss 

o'  d  i  reel  i  nil.)  1  control  within  tiio  allowable  flipiit  envelope  duo 
to  riMchinp  ti.e  left  direct  ioii.nl  control  travel  limit  in  rip.ht 
sideward  fliriit  aliove  I  D  KiAS  (ili'KK  10)  (para  1ri). 


i'i  1  r  u: yi  loj-;  co:;_im. i.\aci. 

I  fi .  itain  tiie  .st'ope  oi  this  test,  tlie  S-n  /  iic  1  i  copt  or  laileil 
to  I'.n't  tin'  tollowin  re<pi  i  I'eM'iit  •.  ol  the  t:.il  itai".'  spec  i  f  i  t  .at  i  on  , 

I  l.-!i-8r)0  l.\ : 

a.  1'arap.r.apii  '1 .  '3.2  —  The  1  j-i  TAS  iii.t  ir:um  at  t  a  i  nah  1 1  a  i  rspeed 
in  .-.i  deward  llipiit  ‘.ailed  t<>  r.eel  the  5r)-knol  niniraim  requirement 
( pa  ra  Id). 

i).  I'ai'aprapii  i.  5.0  noverinp  turns  over  a  sp.it  could  not 
he  accomplished  in  winds  over  a  1 b-kTAS  velocilv  (para  I1)). 


RECOMMENDATION 


20.  Loss  of  directional  control  in  r i it t  s i deward  flight  above 
15  knots  H.ost  be  corrected  (para  17). 
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